Aiming at the negative effect of high clay content in concrete raw materials on traditional polycarboxylate superplasticizer, atom transfer radical polymerization (ATRP) was used to polymerize methyl acryloyloxyethyl trimethylammonium chloride (DMC) by a macroinitiator based on β-CD, and the target product of a clay inhibitor was obtained. The results of the mini-slump test indicated better dispersity and dispersion stability with the initial fluidity of 255mm and the fluidity of 285mm after 60 min. When the water/cement (w/c) ratio was 0.29, the dosage of PCE and the clay inhibitor were 0.13 wt% and 0.01 wt%, respectively. Compared with the traditional polycarboxylate superplasticizer (PCE) and anti-clay polycarboxylate superplasticizer (APC), the cement paste still has better dispersity and dispersion stability, showing fine anti-clay effect and certain retarded properties.
INTRODUCTION
Polycarboxylate superplasticizer (PCE) with the advantages of low dosage, high water reducing rate, low slump loss, and flexible molecular structure design, has been widely used in highway, railway, bridge, and tunnel project.1 With the rapid development of the construction industry and the increasing demand for concrete, the major supply of high-quality gravel has been exhausted, and the sand with high clay content are used instead. The engineering practice and research have shown that clay impurities in sand and gravel materials have strong negative effect, which can weaken the dispersion ability of PCE. On the other hand, the clay in sand can be preferentially adsorbed on the molecular surface of PCE to form competitive adsorption with cement particles and reduce the effective PCE on the surface of cement particles, as a result clay can weaken the dispersibility of PCE and seriously damage the workability and the late strength of concrete.2-4 To avoid the negative effect of clay on the performance of PCE, three alternative methods have been studied, including to increase the dosage of PCE or clean gravel, synthesize new PCE molecules, 5 and use clay-tolerance sacrificial agents6. Among them, the use of sacrificial agent is thought to be the easiest and most convenient method for improving the compatibility between PCE and clay.
Cyclodextrins (CD) with hydroxyl groups are easy to be chemically modified.7 β-CD could be connected to different arms with various chemical characters by different reaction mechanisms. They can also act as a multi-functional macroinitiator for atom transfer radical polymerization (ATRP).8 The steric effect of β-CD was strong enough to hinder the adsorption of PCE on the sodium bentonite and has certain retarded properties. Here, ATRP was used to polymerize methyl acryloyloxyethyl trimethylammonium chloride (DMC) by β-CD-based macroinitiator, and a clay inhibitor was obtained. The clay inhibitor can be mixed with traditional superplasticizer by a certain proportion, and the fluidity of cement paste can be measured. A modified cement paste fluidity test was designed by substituting different proportion of cement with MMT to evaluate the clay tolerance of the clay inhibitor. Synthesis of macroinitiator and clay inhibitor. A certain of β-CD was mixed with THF and triethylamine in a 100 mL flask with magnetic stirring. 4 mL of 2-bromoisobutyryl bromide was added dropwise to the β-CD solution over a period of 2 h under a nitrogen atmosphere. After that, the reaction mixture was stirred at room temperature for 24 h. The final reaction mixture was precipitated in a great amount of deionized water. The precipitate was collected by centrifugation and dried in a vacuum oven at 60 °C overnight, denoted as macroinitiator β-CD-Br.
0.50 g of macroinitiator, 3 mL of DMC, 28 μL of Me6TREN, and 2 mL of DMSO were mixed in a glass polymerization tube by ultrasonic dissolution. Then the reaction mixture was degassed by an exhausting-refilling step at least 3 times. When the reaction solution turns to transparent, 0.0158 g of CuBr was added into the mixture under an inert atmosphere and purged with nitrogen for 10 min. The polymerization was allowed to proceed under continuous stirring at 70 °C for 20 h, resulting in a colorless transparent viscous liquid.
Synthesis of polycarboxylate superplasticizer. 60 g of TPEG2400 and 24.8 g of deionized water was transferred into a 250 mL of four-neck round-bottomed flask equipped with a motor stirrer, temperature and dropping funnel. The temperature of water bath was set to 60 °C. AA was dissolved in a certain of water, denoted as solution A. Vc and 3-MPA were dissolved in a small amount of water, denoted as solution B. After the monomer is dissolved, the hydrogen peroxide was added and stirred for 15 min, then solution A and B were added dropwise by 1 drop/min, lasting 2.5 h and 3 h, respectively. When the addition of the solution B was completed, the reaction was allowed to proceed for another 1.5 h at 60 °C. After cooled to room temperature, the reaction product was neutralized by 30 wt% sodium hydroxide solution until pH 6-7, resulting in colorless transparent viscous liquid.
Cement paste test. The fluidity of cement paste was measured by the mini-slump fluidity test according to Chinese National Standard "Methods for Testing the Uniformity of Concrete Admixture" (GB/T 8077-2012). When the water/cement (w/c) ratio was 0.29, the dosage of PCE and the clay inhibitor were of 0.13 wt% and 0.01 wt%, respectively. A modified mini-slump test was designed by substituting 1.0 wt % and 2.0 wt% cement with sodium bentonite to evaluate the clay-tolerance properties of the β-CD-based clay inhibitor.
RESULTS AND DISCUSSION
Dispersion performance analysis. The effect of the β-CD-based clay inhibitor on the dispersion capacity of PCE was first tested in pure cement paste. The w/c ratio was determined to be 0.29, the dosage of PCE used in the paste was 0.13 wt%. The effect of 0.01 wt % clay inhibitor on the dispersion capacity of PCE was studied. By comparing the fluidity of pure cement paste with polycarboxylate superplasticizer (PCE) and amphoteric polycarboxylate superplasticizer (APC), the clay inhibitor based on β-CD on the dispersion capacity of PCE was analyzed. It can be seen that the initial fluidity of PCE and APC is higher than that of PCE added with the clay inhibitor, indicating that the clay inhibitor had no obviously positive effects on the dispersion capacity of PCE. That is why the clay tolerance properties of the clay inhibitor (if any) in sodium bentonite paste cannot be attributed to its effect on the dispersion capacity of PCE. On the other hand, the fluidity loss of the paste with PCE added with the clay inhibitor at 120 min was less than that of the control. This is because that the molecular weight of β-CD is relatively large, the synthesized clay inhibitor is relatively viscous, which can hinder the release of PCE dispersion in the early time, after a while the performance of the PCE itself slowly emerges and achieves the effect of retarding.
Performance of clay resistance. To evaluate the clay tolerance of the clay inhibitor based on β-CD, a certain of cement were substituted by an equal mass of sodium bentonite to prepare bentonite-containing paste. The fluidity of cement paste was tested by without adding bentonite, adding 1 wt% or 2 wt% bentonite, and the clay resistance of self-made clay inhibitor based on β-CD was studied. As shown in Fig. 1 , when 1 wt % bentonite was added, the initial fluidity of the composite clay inhibitor was lower than that of PCE and APC, while the fluidity of cement paste at 60 min was higher than that of PCE and APC, and the phenomenon of post release was also observed. When adding 2 wt% bentonite, the initial paste fluidity with clay inhibitor is higher than PCE, and there is no fluidity after 60 min. The results show that the clay inhibitor has certain anti-clay and retarding effect. Clay inhibitors are cationic polymers, and the positively charged ammonium can be preferentially adsorbed on the clay surface. The macromolecular structure of CD can be acted as steric hindrance, and also hinder the adsorption of PCE when clay inhibitor is adsorbed onto bentonite, achieving the anti-clay effect. Clay inhibitor has no effect of anti clay in the initial stage, however, its fine overall retention and retarding effect gradually appear in the later. This can be ascribed to only a few hydroxyl groups on the surface being modified. When the bentonite content increases, there are not enough cationic charges adsorbed on the surface of clay particles. 
CONCLUSIONS
Atom transfer radical polymerization (ATRP) method was used to polymerize methyl acryloyloxyethyl trimethylammonium chloride (DMC) by β-CD-Br, and a clay inhibitor was obtained. The fluidity of cement paste test results show that the compound can alleviate a small amount of bleeding phenomenon and show retared properties, indicating anti-clay and retarding effect of the β-CD-based clay inhibitors.
